In the present work, 262 serum samples and 29 faeces pools from chicken coming from 27 29 healthy flocks were analysed by RT-PCR for detection of avian HEV and by ELISA 28 using an aHEV derived antigen for detection of anti-HEV IgG. Additionally, other 300 29 randomly selected serum samples were also analysed by RT-PCR and by ELISA. Seven 30 serum samples were positive to RNA detection. Sequence analysis of both the helicase 31 and the capsid genes revealed that the Spanish isolates were clustered together and close 32 related to those strains from the United States isolated from farms with HSS. On the 33 serology study, 26/29 flocks had at least one positive animal (89.7%) and chickens older 34 than 40 weeks were found to have higher seropositivities compared to the rest of age 35 groups. Within positive farms, the proportion of positive animals ranged from 20% to 36 80%. This is the first report of aHEV sequences in chickens from Europe. Further studies are 37 needed to elucidate the clinical significance of avian HEV infections in Europe.
M a n u s c r i p t 2 Abstract 26
In the present work, 262 serum samples and 29 faeces pools from chicken coming from 27 29 healthy flocks were analysed by RT-PCR for detection of avian HEV and by ELISA 28 using an aHEV derived antigen for detection of anti-HEV IgG. Additionally, other 300 29 randomly selected serum samples were also analysed by RT-PCR and by ELISA. Seven 30 serum samples were positive to RNA detection. Sequence analysis of both the helicase 31 and the capsid genes revealed that the Spanish isolates were clustered together and close 32 related to those strains from the United States isolated from farms with HSS. On the 33 serology study, 26/29 flocks had at least one positive animal (89.7%) and chickens older 34 than 40 weeks were found to have higher seropositivities compared to the rest of age 35 groups. Within positive farms, the proportion of positive animals ranged from 20% to 36 80%. This is the first report of aHEV sequences in chickens from Europe. Further studies are 37 needed to elucidate the clinical significance of avian HEV infections in Europe. Hepeviruses are non-enveloped, single-stranded, positive-sense RNA viruses (Emerson 42 et al., 2004) . Taxonomy of hepeviruses is not fully elucidated but, up to now, one 43 species, Hepatitis E virus (HEV), has been recognized. A second species, avian hepatitis 44 E virus (avian HEV), has been proposed (Emerson et al., 2004) . HEV strains are 45 classified in four distinct genotypes of which genotypes 1 and 2 HEV strains are usually 46 associated with large epidemics of acute hepatitis in humans (Huang et al, 1992; 47 Arankalle et al., 1994; Wang et al., 1999) . In contrast, genotypes 3 and 4 HEV strains 48 are more often associated with sporadic cases of hepatitis in humans (Schlauder et al., It has been demonstrated that swine HEV can infect non-human primates (Meng 68 et al., 1998) (Todd et al., 1993) . In Italy, and very recently in 76
Hungary, outbreaks of HSS have been reported although information on the strains 77 related to these outbreaks is not given (Massi et al., 2005; Morrow et al., 2008) . 78
The aims of the present study were to determine the possible circulation of avian 79 HEV in Spanish chicken flocks by means of serology and RT-PCR, and to genetically 80 characterize HEV strains detected. 81 82
METHODS 83
Samples. For the detection of avian HEV RNA and antibodies in Spanish chicken 84 flocks, 29 farms of layers and breeders located in the north-east region of Spain were 85 selected. No particular health problems had been reported in the examined farms. For 86 each farm 8-10 chickens (ranging from 26-54 weeks of age) were bled (n=262), and a 87 sample of pooled faeces from the floor was also taken for RT-PCR detection of avian 88 HEV RNA. After collection, blood was left to clot and was then centrifuged at 2,500xg 89 M a n u s c r i p t 5 faecal suspension, 1g of faeces was vigorously mixed with 9 ml of PBS buffer; the 91 suspension was then centrifuged at 3,000xg at 4ºC for 30 min and the supernatants were 92 stored at -80ºC until use. 93
Additionally, 300 random chicken sera were obtained from a bank of convenient 94 sera available at CESAC (Centro de Sanidad Avícola de Cataluña y Aragón, Spain). Additionally, in order to amplify another segment of the avian HEV genome for 141 analyses and confirmation, a partial fragment of the ORF2 region of avian HEV was 142 also amplified and sequenced. To amplify the ORF2 fragment, the primers AHEV 143 ORF2/F-1/SD and AHEV ORF2/R-1/SD were used as external primer set and primers 144 AHEV ORF2/F-2/SD and AHEV ORF2/R-2/SD as internal primer set. Again, the 145 primer sequences were described previously (Sun et al., 2004) . Approximately 5 µl of 146 the first-round products were added to a new batch of 50 µl PCR reaction mix 147 containing 10 pmol of each primer for a new nested-PCR amplification cycle with the 148 internal set of primers. PCR conditions were essentially the same as described above. Comparison of the predicted amino acid sequences showed that the helicase is 197 conserved among the Spanish avian HEV isolates (99.1%-100% identity) and was 198 similar to other avian HEV strains in North America (92.9%-99.1%), and showed an 199 83.1-84.2% sequence identity to BLSV, but only 49.1-53.5% identity to other strains of 200 human or swine origin. 201
When the ORF2 gene was examined, the Spanish avian HEV isolates share 202 93.0% to 99.5% nucleotide sequence identities to each other, 74%-93.5% to other avian 203 HEV isolates and 48.4%-51.7% to other known HEV strains of human and swine 204
HEVs. The predicted amino acid sequences of the Spanish avian HEV isolates were 205 similar to each other with 98.6%-100%, but is less conserved with other avian HEV 206 isolates in the USA and Canada (82.1%-100%), and had only 45-9%-48.6% amino acid 207 sequence identity with mammalian HEV strains (Supplementary tables 1 and 2) . 208
Phylogenetic analyses based on the partial ORF1 helicase gene (Figure 2A) and 209 the partial ORF2 capsid gene ( Figure 2B The data presented in this study demonstrated that avian HEV infection is 236 widespread in Spain since the vast majority of the farms examined in this study had 237 seropositive animals. This is in agreement with what has been reported in the United 238 M a n u s c r i p t 11 flocks in the United States were positive for avian HEV and that within a positive farm, 240 the percentage of positive chickens could vary from 15% to 100%. The present study 241 also reflects that the likelihood of being seropositive increases with age as shown by the 242 relative higher risk of older animals as expected in a closed endemically infected 243 population. This is also in accordance with Huang et al. (2002) who found that 244 prevalence of avian HEV antibodies in chickens older than 18 weeks was higher than in 245 younger ones. 246
Phylogenetic analyses revealed that the Spanish avian HEV isolates form a 247 distinct genetic cluster different from the avian HEV isolates identified in North 248
American chicken flocks (Fig. 2) . Additional sequences of avian HEV from European 249 chicken flocks, especially full-length genomic sequences, are needed to determine if the 250 European isolates represent a distinct genotype. Currently, the clinical significance of 251 these genetic clustering is unclear, largely due to the lack of clinical data. 252
Of the 562 serum samples tested by RT-PCR, only 7 sera were positive for avian 253 HEV RNA. The low detection rate may be due to the fact that the samples tested in this 254 study belonged to animals older than 24 weeks. Sun et al. (2004) showed that under 255 natural infection conditions, chickens generally seroconverted at 15-17 weeks of age. 256 Billam et al. (2005) conducted a study in which specific-pathogen-free animals were 257 experimentally infected by the oronasal route and they showed that chickens 258 seroconverted to avian HEV antibodies approximately 3 weeks after the inoculation, 259 virus excretion in faeces was observed from 1 to 8 weeks post-inoculation and that 260 viremia was present from 2 to 5 weeks after the inoculation. Therefore, a susceptible 261 flock may naturally get infected around 12 weeks of age; virus shedding in faeces could 262 be detected between 13 and 20 weeks of age and viremia only between 14 and 17 weeks 263 of age. All the animals examined in this work were older that 20 weeks and thus this M a n u s c r i p t may explain why only 7 samples were positive for avian HEV RNA, despite a high 265 seroprevalence rate. It is likely that viremia and virus shedding in these older animals 266 were cleared at the time of sample collection. Future studies are warranted to investigate 267 the prevalence of avian HEV RNA in younger chickens in Spain. 268 It is believed that, unlike swine HEV, avian HEV is likely not zoonotic, since 269 attempts to infect Rhesus monkeys with avian HEV failed (Huang et al., 2004) . 
